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PREFACE

This technical report was prépared for the U. S. Air Force Avionics
Laboratory in compliance with CLIN # 1, CDRL sequence Number 4, Contract
# F33615-78-C-1508.

The author would like to acknowledge the helpful contributions of
Mr. C. W. Miller Aeronautical Systems Division (ASD/AB), and Mr. Leonard Yuhas
of Warner Robins Air Logistics Center (WRALC/MMIRBC) for their assistance
in locating historical data and logistics information.
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EXECUTIVE SUMMARY

The U. S. Air Force Avionlcs Laboratory has sponsored the design,
fabrication and testing of an advanced development model of the Standard
Electronic Module Radar (SEMR). The SEMR design is the first application
of the components and concepts of the Tri-Service Standard Electronic Module
Program to an Air Force avionics function. It is functionally comparable
to the APN 59/B weather radar installed in C-130, C-135, and C-141 aircraft.
In order to evaluate the life cycle cost (LCC) characteristics of the SEMR,
two parallel life cycle cost studies were performed for the Avionics Laboratory
by Battelle's Columbus Laboratories and the Norden Division of United
Technology. Subsequently, the Air Force decided to sponsor a study to develop
life cycle cost estimates for a functionally equivalent solid-state radar
employing the typical design concept of custom sub-assemblies and compare
the estimates to the previously developed SEMR estimates. This report
presents the results of the LCC comparison study.

The approach followed in this study involved:

1) Selecting a solid-state radar for use in the comparative
analysis.

2) Collecting the necessary acquisition and logistics data.

3) Formulating baseline LCC estimates for three force options
(the C-130/C-135 force, the C-141 force, and a combined
force) using procedures and assumptions consistent with
those used in the previous Battelle study of the SEMR.

4) Performing sensitivity analyses on the LCC estimates to
identify the effects of operational variables and the effects
of critical study assumptions.

5) Comparing the LCC estimates for the functionally equivalent
radar to the LCC estimates for the SEMR.

6) Evaluating the implications upon the LCC comparison of design
changes to the SEMR conceptualized by the designing agency.
The APQ-122 (V)5 radar system was selected as the comparison radar
because it is a solid-state design. It was developed as a candidate for
replacing the APN-59/B systems in the C~130, C-135 and C-141 aircraft, and
relevant data were available from a variety of government organizations and

sources.

xi
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The formulation of the baseline LCC estimaies involved the
following steps:

1) Determination of the subset of APQ-122 V(5) system components
which, in total, was functionall, equivalent to the SEMR
system configuration included in the previous LCC study..

2) Adjusting historically available APQ-122 V(5) data.

3) Structuring the input data necessary for the Generalized
FElectronic Maintenance Model (GEMM) computer program to
compute certain logistic support cost subtotals.

Detailed descriptions of the data analysis assumptions and procedures are
included in this report.

Sensitivity analyses were performed on the LCC estimates for the
APQ-122 V(5) based system to assess the implications of operational variables
and reliability assumptions on support cost estimates and the implications
of economic escalation factors and progress curves on acquisition cost
estimates.

The comparison of the LCC estimates for the two functionally
equivalent configurations resulted in the following primary findings:

1) When using data collection and analysis procedures and
assumptions consistent with those used in developing SEMR
LCC estimates, the baseline LCC estimates for SEMR-equivalent
APQ-122 systems were computed to be approximately 40 percent
less than the SEMR estimates.

2) The SEMR-equivalent AP0-122 LCC estimates were found to be
sensitive to the assumptions made regarding progress curve
factors, economic escalation factors and system reliability
estimates. Howeve¥,~the LCC estimates remained lower than
the comparable SEMR LCC estimates over the examined ranges
of these critical wvariables.

Because there is considerable uncertainty associated with all fore-
casting of future costs, these findings should not be generalized to indicate
that use of standard electronic modules could not be of valug to the Air Force
in other applications such as simulators and limited quantity ground based

electronic systems.

xii




SECTION I

INTRODUCTION

This report is the final product of a contract research
study conducted for the U. S. Air Force AvionicsFLaboratory by Battelle's
Columbus Laboratories. A previous study conducted by Battelle analyzed
the life cycle cost (LCC) characteristics of, and formulated discrete
LCC estimates for the Standard Electronic Module Radar (SEMR). The
results of that study were published in AFAL TR-77-25.(Reference 1)*
The SEMR represents an application of the TRI-SERVICE Standard Elec-
tronic module program design concept to an Air Force Avionics mission.
The purpose of the study documented in this report is to compare the
SEMR LCC estimates to LCC estimates for a solid-state radar functionally
similar to SICMR but designed in the convential custom sub-assembly
manner. This required the following basic steps:

1) select a radar for comparison

2) formulate LCC estimates for the selected radar using

consistent procedures and assumptions

3) ceompare the results.
The APQ-122V(5) radar system manufactured by Texas Instruments, Inc.,
was selected by the Battelle study team as the most comparable solid-
state system for which data were accessible from Government sources.

The remainder of this section of the report includes a back-
ground discussion on the SEMR program, a review of the previous SEMR
life cycle cost study, the objectives for this study, and an overview

of the organization of this report.

*Reference list is presented at the end of the main text of this

report.
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1.1 Background

The Tri-Service Standard Electronic Module Program (SEMP) is
an outgrowth of the U.S. Navy's Standard Hardware Program (SHP) which
began in the early 1960's. The SEMP represents an integrated design
and logistics support concept. The SEMP design concept involves the
integration of system - independent, functionally-unique standard
electronic modules (SEMs) into a mission-specific system. As described
in References 2 and 3, fully qualified SEMs are subject to physical
and electronic interface specification and strict manufacturing quality
control. The SEMP logistics concept focuses on the discard-at-failure
philosophy. This concept is economically feasible for SEMs becausc
(1) the unit cost is low and (2) the design review and quality control
features of SEMP enhance the module-level reliability.

The SEMR program represents the first fabrication of an Air
Force avionics system using the SEMP design concept. Under AFAL fund-
ing, the Naval Avionics Center (NAC)* designed the SEMR and fabricated
two systems for environmental and flight testing. Flight testing was
conducted in an NKC-135 aircraft by the 4950th Test Wing and completed
in 1978. The SEMR program was a portion of a larger effort at the NAC
referred to as the Modular Radar Program (MRP). A brief configuration
description of the SEMR is presented later in this report. However,
more comprehensive information on the MRP effort and the SEMR design
can be found in References 4, 5, and 6.

In order to investigate the life cycle cost implications of
the SEMP design and logistics concepts in an Air Force avionics main-
tenance and support environment, AFAL sponsored two independent SEMR
life cycle cost studies. Parallel study contracts were issued in
1976 to Battelle's Columbus Laboratories and the Norden Division of
the United Technologies Corporation. The statement of work for those
studies stated the study objective as follows:

“The objective of this program will be to provide life

cycle cost data to quantify anticipated savings achieved
when using Standard Electronic Modules (SEM) in Avionic
equipment. The Standard Electronic Module Radar (SEMR),

*Formerly designated the Naval Avionics Facility-Indianapolis (NAFI)

2
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under development by AFAL as a SEM demonstration equipment, ]
will serve as the analysis vehicle for this program. The e
investigations performed will provide a detailed evaluation

of the impact of the SEM philosophy on equipment life cycle

costs, including variations in maintenance structure, level

of BITE, and throw-away vs. repair of modules." (Reference

Contract #F33615-76-C-1336)

Note that the SEMR design was envisioned only as a demonstration of the
SEM concept and a vehicle for the analysis of SEM life cycle cost
implications. The results of the Battelle study are presented in
reference 1 and are reviewed in the next section of this report. The
results of the Norden study were published in reference 7.

Following the completion of the previous LCC studies, AFAL
decided to fund a study which would compare the results of either of
the previous studies with the LCC estimates of a functionally similar
radar. Battelle was awarded this study following a competitive procure-

ment process.

1.2 Review of Previous SEMR LCC Study Results

AFAL TR 77-25 presented an analysis of the life cycle cost
characteristics of the SEMR as designed and fabricated by NAC. The
study approach used by Battelle in that study focused on the implica-

tions of the SEMP concepts on Air Force avionics and used both quali-

tative and quantitative factors. The life cycle cost estimates for
the SEMR design in three retrofit application programs were the primary

quantitative results.

The conceptual retrofit programs used in structuring the SEMR
LCC analysis involved replacing most of the components of the APN-59/B
radar system in the following aircraft:
l . 1) 1,900 C-130 and C-135 aircraft
! 2) 276 C-141 aircraft
3) 2,176 unit combined force of C-130, C-135,and C-141

aircraft. Along with quantity of aircraft equipped, life cycle cost
analysis results are most sensitive to the length of operational life
and the equipment utilization rates. Therefore, the basic LCC estimates
for SEMR were presented in Tables 15 and 16 of AFAL TR 77-25 by showing
the results of three operational life values (10,15, and 20 years)

i . 3




and three use rates (low, medium, and high) for each of the three
retrofit programs. The nominal values used for these parameters

were 15 years of life and an historical utilization rate for each

aircraft type (C-130/C-135 use rate of 1.88 hours per day, C-141
use rate of 3,07 hours per day and a weighted average of 2.07 hours
per day).

Since Tables 15 and 16 in AFAL TR 77-25 represent the
basic LCC estimates for the SEMR design (as fabricated by NAC), those
estimates and the assumptions and procedures used in developing those
estimates serve as the reference point for the comparison study
% documented in this report. Tables 1, 2, and 3 of this report present

the SEMR LCC estimates as developed in AFAL TR 77-25 for the three |

retrofit applications. The baseline results, using the nominal life
and use rate values, are shown as the first column in each table.
] The format of Tables 1, 2, and 3 is slightly different than that used
in AFAL TR 77-25 and will be used for presenting the subsequent APQ-
f 122 LCC estimates.

1.3 SEMR Comparison Study Objectives

The general objective of AFAL in sponsoring this study was,
as stated in the statement of work, "to determine the impace of standard
electronic modules (SEMs) upon the life cycle cost (LCC) of avionic

equipment.'" The scope of the investigation was limited to developing

. =

LCC estimates for a radar functionally similar to the SEMR but which
employs conventional design concepts and comparing the results with
‘ the previous SEMR LCC estimates.

The specific objectives established in planning this study
were as follows:

F 1) To select a solid-state radar functionally similar to

the SEMR for use in the comparative analysis

2) To collect the needed acquisition and logistics data

‘ for the comparable radar system
L 3) To formulate baseline LCC estimates for the comparable
’ system using the same procedures, assumptions and life

cycle cost model as used in the SEMR LCC study

4
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4) To conduct a sensitivity analysis of the LCC estimate
of the comparable system to identify implications of
key operational parameters and critical study assumptions
5) To compare the LCC estimates for the conventionally
designed radar system to the SEMR LCC estimates
6) To evaluate the implications of potential SEMR design

changes conceptualized by NAC (in reference 6) upon the
SEMR LCC comparison.
A final objective of the study was to document the data collected for,
i procedures used in, and findings of, the study in a manner which will
assist AFAL in making decisions relative to the life cycle cost implications

of SEMs upon avionic equipment.
; 1.4 Organization of This Report

This introductory section has been prepared to provide the
background for the SEMR LCC comparison and state the objectives of
the study. The next section of the report will briefly describe the
study approach. That section will be followed by the technical discus-

sion section. Both of these sections will sequentially address the six

study objectives listed in this section. A summary of findings and
conclusions will complete the main text of the report. Additional
A material following the main text includes a list of references, a

series of appendices presenting detailed information, and a list of

abbreviations and acronyms used in the report.
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SECTION II

STUDY APPROACH

This section briefly describes the approach followed in
performing the study tasks. Emphasis was placed throughout the
performance of this study on maintaining procedural and analytical

comparability with the previously developed SEMR LCC estimates.

2.1 Selection of a Comparable Radar

The primary selection criteria the radar for the LCC compari-
son to SEMR were established by the statement of work. These were as
follows:

e the system must be functionally similar to SEMR (i.e., an

airborne weather radar)

e the system must use solid-state technology

e the system design architecture must reflect the conventional

line replaceable unit/shop replaceable unit (LRU/SRU)
maintenance concept where the SRUs are custom assemblies
and custom circuit boards.
Additional criteria used by Battelle in selecting the system for
comparison included:
e similarity in program development history
e availability of data.
The APQ-122 V(5) system was selected by Battelle during the
proposal stage of the study as the comparison system because:
o the system was developed as an APN-59/B replacement
candidate using an LRU swap-out retrofit capability
(reference 8)

e the design employs solid-state technology

e the design consists of LRU's composed of custom SRU's and
the majority of the SRU's are repairable at the depot level
of repair
the system was developed under a Government contract

e it was anticipated that development, acquisition, and

logistics data would be readily available.
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A comparative description of the two radars is presented in the

Technical Discussion section of this report.
2.2 Collection of Data

Data were collected from several sources during the study.
Specific sources and types of data include:
e development costs - ASD/AE procurement files (reference 9)
e acquisition cost estimates - contractor reports (reference
10) an AFIT thesis (reference 11), and current AFLC records
(reference 12)
e design reliability estimates - APQ-122 V(5) manufacturer
(reference 13)
e logistics support data - AFLC logistics management systems.
These sources were used to collect information which is consis-
tent with the types of information used in developing the SEMR LCC
estimates. The detailed data is described and presented in the

Technical Discussion section of this report.
2.3 Formulation of Baseline LCC Estimates

The approach to this task involved the following four steps:

1. Identification of APQ-122V(5) components in a SEMR-
equivalent APQ-122 system. This was necessary because
the SEMR system utilizes the APN-59/B antenna and stabili-
zation data generator.

2. Adjustment of historical APQ-122 acquisition cost data.
This involved applying a different learning curve and
making an economic inflation adjustment for the different
fiscal years.

3. Structuring input data for the LCC model. The collected
information was prepared for the LCC model using the
same procedures as were used in the SEMR LCC study. The
LCC model used was the same Generalized Electronic Main-
tenance Model (CGEMM) computer program (reference 14) used

in the previous study.

10
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4. Interpret the LCC model computer generated results. This
involved adding LCC cost category subtotals to the computer
output (e.g., retrofit and training) in the same manner
used in the SEMR LCC study.

The detailed procedures and results of each of the above steps are

presented in the Technical Discussion section.
2,4 Sensitivity Analysis of LCC Estimates

Specific LCC estimates reflect the results of many assump-
tions and intermediate calculations. Therefore, sensitivity of the
quantitative results to key assumptions should be analyzed before
drawing conclusions from any specific estimate. In this study, sensi-
tivity analyses were performed in four areas. These analyses considered

the effects of:
e varying operational parameters

e an alternative maintenance policy
e Qquantity-price adjustments
e economic adjustment factors.
Discussions and results of these analyses are presented in the Technical

Discussion section.
2.5 Comparison of LCC Estimates

The comparison of the SEMR LCC estimates and the SEMR-equiva-
lent APQ-122 system LCC estimates was made at three levels of aggregation.
These are:
® the nine discrete cost categories as used in the previous
SEMR study

e aggregation of the nine categories into three elements-
acquisition costs, initial logistics costs and recurring
logistics costs

e the estimated life cycle cost totals.

Results were generated in tabular and graphical format and discussed

in the Technical Discussion section.

11
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2,6 Evaluation of Conceptual SEMR Design Update

In the NAC final report for the SEMR project (reference 6)
several design changes were hypothesized to reflect "lesson learned"
during the fabrication and testing phases. These were reviewed by
Battelle in an effort to identify any significant implications upon

the LCC comparison results.

12
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SECTION III

TECHNICAL DISCUSSION AND RESULTS

This section identifies and discusses the procedures and
assumptions used in formulating SEMR-equivalent APQ-122 LCC estimates
and presents the results. The material is presented in a sequential
manner with each subsection building on the previous subsection. The

sequence corresponds to the list of objectives in the Introduction.

3.1 Comparison of Radar System Designs

The rationale for selecting the APQ-122V(5) radar system

for an LCC comparison to the SEMR is stated in the first subsection

of the Study Approach Section. Although certain technical characteristics

of the designs directly influence the LCC estimates, a comparison of
the operating characteristics of the two systems is not within the
scope of this study. It is sufficient to note that both have been
flight tested in C-135 aircraft and independently compared to APN-59/B
operating characteristics (references 8 and 15, respectively). In
addition, operating characteristics of the APQ-122V(5) system are
contained in an official Air Force Technical Order (reference 16)

and a full technical description of the SEMR is contained in NAFI
TR-2151 (reference 17).

The primary differences in the designs which effect life
cycle costs are the differences in LRU/SRU configuration and in the
associated maintenance philosophy.

In the following paragraphs, the full, operational system
configurations are identified and compared and then the equivalent
system configuration for the LCC analyses are identified. Subsequently,

the maintenance philosophy of each system is compared.

3.1.a Physical Configuration Differences

Although both the APQ-122V(5) and SEMR systems were designed
as functional replacements for the APN-59/B, they differ in LRU
configuration. The APQ-122V(5) system was designed under contract to

13
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be considered as a replacement for the APN-59/B systems in operation.
During the 1970-1973 time period, various organizations in the U.S. Air
Force were involved in evaluating the technical and economic feasibility
of replacing the APN-59/B systems with APQ-122V(5) radars (reference 11).
(Ultimétely, the Air Force Logistics Command opted to modify certain
LRUs of the APN-59/B in lieu of replacing the entire system.) In
contrast, the SEMR was desiguned and fabricated as only a demonstration
of the SEM concept and AFAL has not advocated SEMR as a full-scale
APN-59/B replacement candidate. Primarily because of the difference
in program objectives, the respective designer's (Texas Instruments
and NAC) chose different LRU configurations. In the APQ-122V(5) case,
retrofit cost implications pressured the designers to pursue an LRU-
exchange design strategy. This strategy was considered by NAC as one
option among several (reference 15). However, LRU exchange requirements
were not imposed on SEMR and the set was designed to permit demonstration of
the built-in-test and discard-at-failure maintenance features of the SEMP
design concept. This resulted in a prototype design which was not necessa-
rily optimized for minimum life cycle cost when operated in an Air Force
operational scenario.

Because the APQ-122V(5) and SEMR designers chose different
LRU design strategies, it is necessary to relate both of the LRU
configurations to the APN-59/B LRU configuration before a direct
comparison can be made. Figure 1 presents the LRU configurations for
the three radar systems. The sources of the information in Figure 1
are references 8 and 1Y. The APN-59/B LRU configuration is shown in
the middle of figure 1. The manner in which the functions of the ;
APN-59/B LRU's correspond to APQ-122V(5) and SEMR LRU's is shown ucing
arrows (*), braces (}{), and equal signs (=). Where arrows meet at
an equals sign the respective components are functionally equi ralent.
For example, the APN-59/B electronic control amplifier is shown as
functionally equivalent to the APQ-122V(5) electronic control amplifier
and the SEMR antenna control electronics unit. Where braces are used,
the functions of several APN-59/B LRU's are grouped in one (or more)
LRU in the other system. An arrow drawn directly from an APN-59/B
LRU to an LRU in another system indicates that the component is

identical and has been provided to the radar system as government

14
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furnished equipment (GFE). Examples of this include the SEMR antenna

and the stabilization data generator. As shown in figure 1, two APN-59/B
system functions were deleted from the SEMR design and four SEMR LRU's do
not have corresponding APN-59/B (or APQ-122V(5)) LRU's.

3.1.b LCC Analysis Configurations

The SEMR LCC analysis reported in AFAL TR-77-25 did not
include the government furnished antenna and stabilization data generator
LRU's. In addition, two SEMR configurations were evaluated for the
different aircraft to reflect a C-141 pilot operable system. During the
APQ-122V(5) development time period, the C-141 configuration was
essentially identical to the C-130/C-135 configuration. The APQ-122V(5)
system configuration must, therefore, be modified in order to allow LCC
comparisons between functionally equivalent systems. Table 4 presents
the LRU configurations considered in the subsequent LCC analysis. Since
the LK configurations shown in Table 4 do not represent the complete
APQ-122V.5) system, the configurations will be referred to as ''SEMR
equivalent APQ-122 radars" for the remainder of this report. In some

instances only the term "APQ-122" will be used.

3.1.c LRU Maintenance Philosophy Comparison

The maintenance philosophy being used for the limited number
of APQ-122V(5) systems in the Air Force inventory involves the standard
three levels of maintenance; that is, the system is repaired by ex-
changing LRU's on the flight line, the LRU's are repaired at base level
by exchanging SRU's, and the repairable SRU's are repaired at the depot.
The number of SRU's in each LRU of the SEMR-equivalent APQ-122 is
shown in Table 5. The number of SRU's discarded at failure is also
shown in Table 5.

In contrast to the APQ-122 maintenance concept, the main-
tenance concept modeled for the SEMR LCC study involves more SRU
level items (primarily SEMs) being discarded upon removal at base

level. Table 6 presents the SEMR maintenance concept information

16




TABLE 4. LRU CONFIGURATIONS FOR SEMR-EQUIVALENT
APQ-122 SYSTEMS

L Quantity Included in:

C-130/C-135 C-141 Combined
| LRU Name Analysis Analysis Analysis
‘ Electronic Control Amplifier 1900 276 2176
j Receiver-Transmitter 1900 276 2176
E Radar Control 1900 276 2176
Sweep Generator 1900 276 2176
Antenna Control 1900 276 2176
Pilots Indicator 1900 276 2176 4
E Navigators Indicator 1900 0 1900 ]

TABLE 5. MAINTENANCE PHILOSOPHY OF APQ-122 SYSTEM |

i Number of Modules Number of Exchangeable |
Q Exchangeable at Modules Discarded %
j LRU Name Base Level Upon Removal |
1 Electronic Control Amplifier 14 2 1,
Receiver-Transmitter 20 3 ;
Radar Control 3 2 i

Sweep Generator 14 3

Antenna Control | 0

Pilots Indicator 9 4

Navigators Indicator 22 3

TOTAL 83 7

17




TABLE 6. MAINTENANCE PHILOSOPHY FOR SEMR SYSTEM

Number of Modules Number of Exchangeable
Exchangeable at Modules Discarded
LRU Name Base Level Upon Removal
Receiver-Transmitter 193 187
Modulator 3 1
| Antenna Control Electronics 34 34
E Display Electronics Unit 127 L2
Remote Radar Control¥* —
; Display Control* -
Local Radar Control* —
! Remote BITE Control* —= 4
Pilot Radar Control* -
Junction Box f8% -
Junction Box f#9* --
Indicator (2)%* -
357 349

*These control and indicator LRUs were considered for depot repair only.

——-" - —




analogous to the APQ-122 information in Table 5. It should be noted
that the maintenance concept used for the SEMR LCC study did not utilize
the concept of fault isolation and removal of the SEMs on-board the
aircraft. Such a concept would be most analogous to the U.S. Navy's
shipboard maintenance practice. The removal of SEMs on-board the

aircraft was considered to be infeasible in an Air Force operation because:

1) such a policy would require the flight line level supply
point to manage several hundred modules in lieu of a few
LRU's.

2) The majority of the failures in the receiver-transmitter
would occur in the non-SEM components which would necessitate
LRU removal for those failures and a dual-level strategy
would be impractical, and;

3) Physical constraints in aircraft avionic bays vary and
are not conducive to handling small modules in extreme

weather conditions.

Additional LRU and SRU level information on the SEMR-equivalent
APQ-122 system is provided later in this section. More details on the

SEMR design are provided in references 1 and 17.
3.2 Data Collection Assumptions

The actual data collected for the APQ-122V(5) system and
components are presented in the next subsection in support of the
baseline LCC formulation. However, the nature of the cost data collected
and used is important and is discussed in this subsection.

Important to the understanding of subsequent sections is an
explanation of the assumptions used regarding "price" and "cost".

It is assumed that to a selling organization, the difference between
the "price" and the "cost to produce'" a product is the fee (or profit).
The fee is usally expressed as a percentage of the "cost-to-produce"
and 1s nominally in the 8 to 15% range for defense contracting. To

the buying organization, however, the "price'" paid to the supplier is

19
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the same as the '"cost-to-acquire'". These definitions are important here .
because Battelle's acquisition cost estimates for the SEMR were derived

using prices quoted or paid for existing or analogous hardware.*

Specifically, the hardware acquisition cost estimation involved the use of

quoted prices for existing, inventoried, standard electronic's modules

(SEMs) and the use of prices paid for analogous hardware systems for non-

SEM components. For new development SEMs, price estimates were developed

using engineering judgement based on comparative analysis (complexity

and componentry) with existing SEMs. Price estimates for line replaceable

units consisting of SEM's were made by summing the prices of the appropriate

SEMs, the mounting hardware and the discrete components and adding a 15%

factor for G&A and fee for the integration effort. This relatively small

G&A and fee percentage, applied to the sum, recognized the relatively high
contribution to the LRU cost of the SEM's and the corresponding low

contribution of the manufacturing integration effort. SEMR system level

costs were then computed by summing the LRU acquisition costs (which

already included the aforementioned hardware and integration 'costs-to- l
produce'" and fees).

Drawing from the approach used for the SEMR analysis, Battelle
collected and used for the current study historical government data for
estimating SEMR-equivalent APQ-122 development and acquisition costs.
The next subsection of this report presents an outline, and then a

detailed discussion, of a procedure for transforming that historical data

into consistently constructed APQ-122 cost estimates. In the remainder
of the report, the terms cost and acquisition costs should be interpreted
as '"'cost-to-acquire'.

Another important cost related factor is the use of economic
indices to transform cost estimates from one fiscal year base to another.
Costs used in the SEMR LCC study reflected an FY77 base. The primary
APQ-122V(5) cost information collected for this project was dated 1971

and assumed to be based on FY72 rates. Two sources of economic indices

* It is noted that the parallel SEMR study by NORDEN, as reported in
AFAL TR-77-26, used a cost-to-produce plus fee approach to acquisition
cost estimating.

20




were found during the data collection process.

The first source is a Headquarters, Air Force Systems

Command letter dated 29 August 1978 directing the use of specific
rates for all acquisition cost estimates (reference 20). Attachment

2F to that letter identified an avionics procurement index with an FY77
value of 113.49 and FY72 value of 79.45. Thus, the conversion factor
from this source is 1.428 (one FY72 dollar equals 1.428 FY77 dollars).

A second source is AFR 172-10 (reference 21). This source H
provides an index for military procurement. Values obtainable from
this source are .943 (FY77) and .645 (FY72). Use of these values
would result in an FY72 to FY77 conversion factor of 1.462. However,
this source also identifies other, national economy-wide indices.

The wholesale price index (WPI) values for FY72 and FY77 are reported
in reference 21 as .577 and .945. Use of the WPI values results in a
conversion factor of 1.638.

The conversion factor value derived from the AFSC letter is
used in the baseline analysis because it is the only index based
strictly on avionics. However, since the procedures used assume a
FY72 design to be built in FY77 dollars without an associated advance
in technology (in either componentry or manufacturing technology), it
could be argued that the WPI based‘index would be more applicable. L
Therefore, the effects of the conversion factor will be shown in the

sensitivity analysis discussion. ’

21




3.3 Formulation of Baseline APQ~122 LCC Estimates

The LCC estimates developed in AFAL 77-25 were presented using
nine cost categories. The same structure is used here. The categories
are (1) research and development, (2) acquisition, (3) retrofit, (4) support

equipment, (5) initial spares, (6) replenishment spares, (7) manpower

(maintenance), (8) training, and (9) transportation. Subtotals for five of
these categories are computed directly from data collected during this study.
Each of these categories is discussed under a separate heading. The r¢maining
category subtotals were computed using the GEMM computer program. Therefore,
information and data for these categories are discussed under the heading
GEMM Input Data. Thus, this section presents the data collected for, assump-
tions procedures, and results of the baseline SEMR-equivalent APQ-122 LCC
estimate in the following subsections:

] o Research and Development Costs

o Acquisition Costs

o Retrofit Costs

o Support Equipment Costs

o Training Costs

o GEMM Input Data

! ‘ The baseline results are summarized for each force option at the end of this

subsection.

3.3.a Research and Development Costs

In the presence of the responsible ASD contracting officer, the
procurement files on the Texas Instruments contract* which covered the
APQ-122 V(5) development was reviewed. In that file, the total preproduction
costs for the APQ-122 V(5) system were reported as $1,837,430. This amount

included engineering design and fabrication of preproduction test articles.

*Contract number F33657-68-C-1271
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Application of the economic adjustment factor (1.428) results in an estimate
of $2,624 million in $FY 77,

3.3.b. Acquisition Costs

This section presents the procedures used to adjust historical
APQ-122V(5) system and component cost data to SEMR-equivalent APQ-122
cost estimates in FY-77 dollars. 1In order to develop estimates comparable
to the SEMR acquisition costs reported in AFAL TR-77-27, adjustments to
historical cost data for APQ-122 V(5) radars are necessary to reflect:

o equivalent functional systems

o progress curve differences

o economic escalation
Background information for these three adjustments follow.

The primary source of APQ-122 V(5) system level cost information
is Table 7. The direct source of this table is reference 11 while the
indirect source is a Texas Instruments submittal to the ASD program office
in 1971. The cost per system for a quantity of 2000 systems in Table 7
is $49,800.

TABLE 7. APQ-122 V(5) COST DATA EXTRACTED FROM
AFIT THESIS GSA/SM/73-8

Quantity Cost Per Delivery of Sets
System Per Month
100 $71,500 15
200 64,500 20
300 63,800 25
500 58,200 25
1000 53,600 35
1500 51,700 40
1865 50,500 45
2000 49,800 50
23

—— e e < e




o oreieango

This is the same {igure that was used by TI in a published economic
analysis of the APQ-122 V(5) acquisition program versus APN-59X modifica-
tion program, (Reference 10). That TI analysis was thoroughly reviewed
by many segments of the Air Force (AFSC and AFLC) during the 1972-73 time
period. The use of the $49,800 amount by TI in Reference 10 supports
the use of Table 7 in this analysis.

The information in Table 7 is for full APQ-122 V(5) systems.
The definition of SEMR-equivalent APQ-122 systems was established in
i the previous discussion of the LRU confipgurations. Thus, adjusting full
? APQ-122 V(5) system costs to SEMR-equivalent system costs was the first
adjustment necessary.

Regression analysis of the information in Table 7 indicates
that the cost-quantity relationship approximates a 927 progress curve.*
The SEMR estimates developed in AFAL TR-77-25 were based on a 907 progress
curve. The impact of a 2% differences can be seen from the hypothetical
example in Table 8. Because of the progress curve differences, it appears
appropriate to adjust the quoted costs using a 90Z factor. In comparing
the 927 versus 907 factors, it is assumed that the value used by a
béddcr is more a function of manufacturing management efficiency and of
competitive forces in the market place than a function of the design.
The effects of the 90% assumption will be shown in the sensitivity analysis

section.

-
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*This implies that every time the production quantity doubles the average
unit price at quantity 2 decreases to 92% of the average unit price
at quantity 1.
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TARLE 8. HYPOTHETICAL. EXAMPLE FOR PROGRESS CURVE IMPACT
t b u t = $200,000
First unit cos $ U
Average unit cost = first unit cost x (quantity i)
at quantity i
For progress curve values (PC) of .90 and .92 the quantity
unit costs are:
Quantity PC = .90 PC = .92 % Difference
1 200,000 200,000 -
2 180,000 184,000 +2.02
4 162,000 169, 280 +4.49
100 99,317 114,932 A5 &2
500 77,764 94,702 +21.78
1000 69,987 87,126 +24 .49
2000 62,989 80,156 +27.25

for economic escalation.

dollars.

The third adjustment to the quoted APQ-122 V(5) costs is that

The SEMR cost analysis was based on FY-77

To convert Fy-72 dollars to FY-77 dollars, the previously developed

factor of 1.428 will be used in the baseline analysis. The effects of

this factor will also be considered in the sensitivity analysis.

In summary, the procedure used to make the above adjustments to

the quoted APQ-122 V(5) costs includes the following

1.

Zs

Determine distribution of svstem level
subtracting appropriate LRU lievel cost

Determine SEMR-equivalent system level
subtracting appropriate LRU level cost

steps:

adjustment factcrs by
distribution factors.

adjustment factors by
distribution factors.

Compute quantity-based system costs for SEMR-equivalent
using 907 progress curve (in lieu of 92% curve used

systems
by TI)

Inflate

Compute

quantity based system costs to FY-77 base.

total acquisition cost for each force option.
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The application of these steps to the historical data is described in detail

in the following paragraphs.

3.3.b.(1) Determine APQ-122 V(5) LRU Level Cost Distribution. Data
relating the distribution of the specific system level cost data in Table 7

to LRU level costs was not found in the procurement files at ASD during

the procurement files review. Thus, the LRU level cost distribution was
determined using data from other sources. Data from two sources

were available. The first is from data previously collected from ASD/AEAC.
As part of the previous SEMR LCC study, some LRU unit costs for a prcduc-
tion buy of 36 APQ-122 V(5) systems in 1974 were obtained from the ASD/AEAC
project engineer. A second source is the current LRU unit procure: ent
costs for spares. This data is available from AFLC's DO-41 Recoverabhle
Item Management System (Reference 12). The data available from these
sources are presented in columns 1 and 3, respectively, of Table 9.

The unit costs for the stabilization data generator and pilot
indicator units were not obtained from ASD/AEAC in 1976. The source file
was not relocated in two visits to the ASD procurement document storage
facility. However, the data in Table 9 has been used to develop LRU
level distribution of system level costs by making the following assumptions
and calculations:

1. Assume that the data in column 3 of Table 9 are all based on
similar purchase quantities.

2. Assume that the ratio of the subtotals of the first sewven rows
in columns 1 and 3 is representative of the ratio of the
respective system totals.

3. Use the ratio of the subtotals (158086/51743 = 3.0552) to
compute the column 1 entries for the stabilization data
generator and pilot's indicator from the respective entries
in column 3 (i.e. 9821/3.0552 = 3212.)

4, Compute columns 2 and 4 in Table 9 by dividing each row in
columns 1 and 3 by the respective totals.

5. Interpret columns 2 and 4 as LRU level cost distributions of
APQ-122 V(5) system level costs.

26




TABLE 9. DISTRIBUTION OF LRU-LEVEL COSTS

| Column 1 Column 2 Column 3 Column 4
| Component FY-74 Cost Distribution FY-78 Cost Distribution
E (Q = 36) of Column 1 Per Unit of Columa 3
;,_:' Antenna 14589 .2423 38557 .2094
; Electronic Control
| Amplifier 5154 .0856 18198 .0989
Rec-Trans 14696 L2441 45315 .2463
Radar Set Control 1250 .0208 6001 .0326
Sweep Generator 4289 .0712 14917 .0811
Nav. Indicator 11401 .1893 33661 .1830
Antenna Control __364 .0060 _1472 .0080
Subtotal (51743) (158086)
Stab Data Gen. 3212 533 9821‘ «0533
Pilots Indicator 3261 .0874 16074 .0874
Total 60216 1.0000 183972 1.0000
Sources: Column 1. Data from ASD/AEA collected during SEMR LCC Study

Column 3. DO-41 records at Warner Robins ALC.

Note: Last two entries in column 1 are estimated from column 3 data using
ratio of subtotals.

3.3.b.(2) Determine SEMR-Equivalent System Cost Adjustment Factors.

The C-130/C-135 SEMR-equivalent APQ-122 system has been defined earlier as
the APQ-122 V(5) system less the antenna and stabilization data generator
units. Using the data in columns 2 and 4 of Table 9, two system level cost

adjustment factors can be computed as follows:

1. Using column 2 of Table 9, the cost of a "-130/C-135 SEMR
equivalent system is .7044 of the full APQ-122 V(5) system

cost.

.
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Where .7044 =1 -~ contribution of the antenna - contribution
of the stabilization data generator.
=1, - .2423 - ,0533

2. Using column 4 of Table 9, the cost of a C-130/C-135 SEMR
equivalent system .7373 of the full APQ-122V(5) system cost.

Where .7373 = 1 - .2094 - ,0533

The C-141 SEMR-equivalent APQ-122 system has been defined earlier as
the APQ-122V(5) system less the antenna, stabilization data generator, and
navigator indicator units. In a manner similar to that presented above for the
C-130/C-135 configuration, two system level cost adjustment factors can be
computed:

1. Use of column 2 of Table 9 results in a computed factor of .5151.

2. Use of column 4 of Table 9 results in a computed factor of .5543.

It is assumed that since most of the data in column 1 are from

the same quantity of purchase, it is more likely a better representation of the

true LRU level cost distribution. Therefore, the .7044 and .5151 factors will

be used in the subsequent steps in this analysis.

3.3.b.(3) Computation of Quantity Adjusted Costs for SEMR-Equivalent Systers.

As discussed earlier, the quantity-cost data from TI reflects the use of a ©2%

progress curve. In this cost adjustment step, the combined effects of SEMR-

P

F equivalent system level cost adjustments and a 907% progress curve are computed.

The results of the computations are presented in Table 10. The entries in Table

10 are in FY-72 dollars and were computed in the following manner and sequence:

1. The first row entry in column.2 (71500), is the data point fron
Table 7 for the quantity (100)

2. The first row entry in column 3 (36827), is the computed C-141
SEMR-equivalent APQ-122 system cost for a quantity of 100.
(71500 x .5151 = 36827)

3. Calculation of the unit cost of the first unit, given a unit
cost of 36827 at a quantity of 100 and a progress curve of 92%,
proceeds as follows:




10.

36827 = UC, x (100) n.92/8n2

UC1 = 64085

The second row, fourth column entry (27273), is the C-141 SEMR equivalent
APQ-122 unit cost as computed using the above first unit cost and a 90%
progress curve. The specific formulation is:

7273 = 64085 = (276)" 42
The fourth row entry in column ? (49800), is the data point from Table 7
for the quantity (2000) nearest the C-130/C-135 force quantity of 1900.

The fourth row entry in column 3 (35079) is the computed C-130/C-135
SEMR-equivalent APQ-122 system cost for a quantity of 2000

(49800 x .7044 = 35079)

Calculation of the unit cost of the first unit, given a unit ccst of
35079 at a quantity of 2000 and a progress curve of 927%, proceeds as
follows:

£n.92/ n2

35079 = UC1 x (2000)

UC1 = 87527

The third row, fourth column entry (27782), is the C-130/C-135 SEMR
equivalent APQ-122 unit cost as computed using the above first unit cost
and a 90% progress curve. The specific formulation is:

27782 = 87527 x (1900)£n.9/£n2

The fifth row, fourth column entry (27215), is the SEMR equivalent unit
cost for a quantity of 2176 C-130/C-135 equivalent systems. The specific
formulation is:

However, this computation includes the cost of 2176 navigation indicators
while only 1900 are needed.

The sixth row, fourth column entry (26720) is the result of ad‘usting
the 27215 amount computed above to delete the contribution of 276
unneeded indicators. The calculations used are as follows:
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a, Navigator's indicator data:

o reference unit cost at quantity of 2000 = .1893 x 49800 = 9427
computed first unit cost from reference point = 23522
computed unit cost at quantity at 1900 (907 curve) = 7466
computed unit cost at quantity of 2176 (90%Z curve) = 7314

o o o©

b. System level adjustment:
Total cost at 2176 = 2176 x 27215 where 27215 includes 7314 for the
indicator.

Adjusted total cost at 2176 = 2176 x (27215-7314) + 1900 x 7466
= 57,489,976

Average system unit cost at 2176 = 57,489,976/2176 = 26420

TABLE 10. QUANTITY COSTS FOR SEMR-EQUIVALENT
SYSTEMS (FY 72 §)

Column 1 Column 2 Column 3 Column 4
- Quoted FY-72 Adjusted Systen Computed Unit 4
SEARELLY Unit Cost Unit Cost Cost - FY-7_
100 71500 36827
276 27273
E | 1550 27782
{
| 2000 49800 35079
‘ 2176 27215
26720%*

=

*Adjusted for only 1900 Navigators Indicators.

3.3.b.(4) Economic Escalation. The economic escalation of the data in

column 4 of Table 10 represents the third adjustment of APQ-122V(5) derived cost
estimates for SEMR-equivalent APQ-122 system cost estimates. All the previous data
has been stated in FY 72 dollars. Development of a 1.428 factor for converting FY 72
dollars to FY 77 dollars was described earlier. Table 11 reflects the application

of this escalation factor to Step 3 results.
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TABLE 11. ECONOMIC ESCALATION TO $FY 77

Quantity FY 72 Adjusted Corversion FY 77 Adjusted
Unit Costs Factor Unit Costs
276 27273 x 1.428 = 38946
1900 27782 x 1.428 = 39673
2176 26420 x 1.428 = 37728

*Includes cost of Navigator's Indicator for 1900 units only.

3.3.b.(5) Force Level Estimates. Force-level SEMR-equivalent APQ-122 systen acqui-

sition costs are computed by multiplying Table 11 results by the appropriate quantities.
The results of this multiplication are shown in Table 12.

TABLE 12. FORCE-LEVEL ACQUISITION COSTS ESTIMATES

SEEEIIZTERS |
|

Force Option Quantity of SEMR -Equivalent Force-level

Systems Re- APQ-122 System Acquisition

quired Cost (FY77) Cost (FY77)
C-130/C-135 1900 x $39,673 = $75.379M ‘4
C-141 276 x $38,946 = $10. 749M |
COMBINED 2176 X $37728 = $82.096M

3.3.c Retrofit Costs

Retrofit costs estimates for the APQ-122 system reflect the use of
exlstine APN-59B wiring. However, data from references 8, 10 and 11 indicate
that a retrofit kit was required for the APQ-122 LRU's to attach to the APN-39B

physical restraints. Therefore, retrofit costs estimates include labor and hardware

e

costs,

e L
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References 10 and 11 estimated that 60 hours of labor would be required

per aircraft for a complete APQ-122 V(5) system. This value is adjusted for
SEMR equivalent systems using the previously developed .7044 and .5151 factors. |
A $20 per hour rate was used for retrofit labor in the SEMR LCC study and it is
used in this study. |

Retrofit kit cost data and estimates were adjusted in an analogous
manner as the system level acquisition costs. The reference data for APQ-122V(5) |
retrofit kit costs is reproduced in Table 13. While this specific data were ’
extracted from Reference 11, the same values were again found in the contractors

report (Reference 10).

TABLE 13. APQ-122V(5) GROUP A INSTALLATION KIT COST DATA

Quantity Unit Cost
100 1,489
500 1,248

1000 1,140
2000 1,046

Adjustments to Table 13 data for equivalent systems, progress curve
differences and economic escalation were made using the same procedure detailed in

the Acquisition Cost subsection. Table 14 summarizes the retrofit kit cost adjustments.

Table 15 summarizes the retrofit costs estimates for SEMR-equivalent APQ-122
systems.,




TABLE 14. ADJUSTMENTS TO REFERENCE RETROFIT KIT COSTS DATA
Quantity Reference SEMR-Equivalent Progress Economic ]
Costs System Adjust- Curve Escalation
ment Adjustment Adjustment
100 1489 %X 5151 = 767
276 568 x 1.428 = 811
1900 587 x 1.428 = 838
2000 1046 x 7044 = 737
2176 575 x 1.428 = 821
‘.
‘
g
|
4
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3.3.d. Support Equipment Costs

The planned support equipment concept for the APQ-122 V(5) systems
included a hot-bench mock-up at base level and a depot test set., Each base shop
would therefore require an additional APQ-122 V(5) system and a test harness.
Reference cost data for the test harness was again found in references 11 and 22.
The adjusted estimates for the test harness unit cost in FY 77 dollars are $10,266
for the C-130/C-135 force (assumed 100 locations), $14,410 for the C-141 force
(assumed at 9 locations), and $10,266 for the combined force.

Reference 22 included an estimate of $80,000 for the depot level support
equipment. This equates to $114,240 in $FY 77,

The above estimates were used in preparing support equipment input data

for the GEMM analysis as described in the GEMM Input subsection.

3.3.e. Training Costs

Training cost estimates for the SEMR LCC study were made available to the
study contractors by AFAL. For both systems, most of the training requirements would
be for base level personnel., It is assumed that training the personnel to fault
isolate to the relatively few APQ-122 SRU's would be equivalent to training them to
use the SEMR built in test and to fault isolate the non-SEM components.

Specific training cost estimates and assumptions in the SEMR LCC study and
here are:

o initial training set-up ~ $45,000

o training of maintainenceforce ~ $80,000 (for C-130/C-135 and
combined forces)

o training maintenance force - $16,000 (for C-141 force)

turnover rate - 507 per year

o force retraining requirements - 5 in 10 years, 7.5 in 15 years,
10 in 20 years

Thus, baseline training costs for 15 years arve:

C-130/C-135 and ~ombined = 45,000 + 7.5 x 80,000 = $645,000
C-141 = 43,000 - 7.5 x 16,000 = $165,000

=]

Estimates for 10 and 20 year alternatives were computed in the same manner.
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3.3.f. GEMM Input Data

As noted earlier, the Generalized Electronics Maintenance Model (GFMM)
computer program was used to compute several of the LCC categories. A general
description of the GEMM program is provided as Appendix A of this report. The
principal reference for the GEMM computer program (Reference 14) provides a
description of the model and serves as a user's guide for organizing input data.
Information comparing GEMM to other life-cycle and logistic support cost models
is also available in References 22 and 23. In rhe subsections of this section, the
assumptions and data used in preparing input to the GEMM program are discussed. The
assumptions and data in this section are deteriled extensions of the system level cost

data. The general approach remains that of adjusting historical data.

3.3.£.(1) Line Replaceable Unit Data. The identification of the LRU's in the SEMR-

equivalent APQ-122 systems was established in Table 4. The difference between the
C-130/C-135 configuration and the C-141 configuration is the deletion of the navigator's
indicator in the C-141. Table 16 presents the LRU level data used in this analysis.

Each column is described below.

Column 2, A and B, Table 16.

These columns reflect the distribution of the C-130/C-135 system
level cost of $39,673 to the LRU's. As developed previously from Table 9, the
seven LRU's represented .7044 of the full APQ-122V(5) system cost. The entries in
Column 2A reflect the normalized distribution of LRU costs using system level percentages
from Table 9., (Example: .0856/.7044 = ,1215 for the Electronic Control Amplifier).
The entries in Column 2B are the results of multiplying Column 2A by the system level
cost, $39,673.
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Columns 3, A and B, Table 16.

These columns reflect the distribution of the C-141 system level cost of
$38,946 computed in the same manner as Columns 2, A and B. The six LRU's have been
shown to represent .5151 of the full APQ-122V(5) system. For example, the Electronic
Control Amplifier represents .1662 (= .0856/.5151) of the C-141 configuration cost
and the LRU cost is computed as $6,473 (=.1662 x $38,946).

Columns 4. A and B, Table 16.

As shown in Table 4, the combined forces application (C-130/C-135 and C-141)
would result in procurement of 2176 units of each LRU except the navigator's indicator
where 1900 would be needed. Thus, the navigator's indicator cost for Column 4 should
be the same as in Column 2B, The remainder of Columns 4A and B are computed in a
manner similar to Columns 2 and 3. The navigator's indicator cost of $10,660 reflects
28.25% of $37,728. Column 4A can be computed by multiplying Column 3A entries
by .7175 (= 1.0 - .2825). For example, the electronic control amplifier entries
become .1662 x .7175 = ,1192 (4A entry) and .1192 x 37,728 = $4,497 (4B entry).

Column 5, Table 16.

The information in this column was obtained from Texas Instruments (TI)
(reference 13). The data represents the predicted failure rates for the respective
LRU's. TI also provided predicted failure rates for the excluded components of the
APQ-122V(5) system. The TI toté] system failure rate was 3062 x 10-6 failures per
hour (327 hour MTBF). This data 1s consistent with the reliability information used
in the SEMR LCC analysis.

Column 6, A and B, Table 16,

The entries in these columns reflect the relative distribution of the system
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level failure rates (C-130/C-135 in Column 6A and C-141 in Column 6B) to the
LRU's. It is interesting to see how closely these parallel the system level

cost distribution.

Column 7, Table 16

The mean time between failure (MIBF) for each LRU is the reciprocal of the
failure rate (1/288 x 106 = 3472). The SEMR-equivalent system MTBF's are 410.5 and
b 582.4 hours, respectively, for the C-130/C-135 and C-141 systems.

| Columns 8, A and B, Table 16

I 3 The GEMM model requires a system level repair time data value and a time

| to remove and replace each LRU. Values used in reference 1 were based on MTIR pre-
dictions. The predicted APQ-122V(5) system level repair time of .833 hours was found
in reference 9. LRU predictions were not found. Therefore, data retrieved in the
AFM 66-1 maintenance data collection system, and reported in the K051 data product,
for the APQ-122V(5) system were used to estimate the LRU remove and replace times.
The reported system level time was 2.10 hours. The reported LRU on-equipment repair
times are shown in column 8A of Table 16. The reported LRU times were adjusted to a
surrogate predicted value by multiplving the reported value times the ratio of the

i system level predicted/reported MTTR (.833/2.10=,3967). For example, for the first

| LRU, 3.9x.3967=1.55.

-
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1 Column 9, Table 16

The data in columns 9A and B represent a dacpot repair cost for each LRU
(Column 9A) and the depot manhours for repair (Column 9B). In order to identify
‘ repair material costs, it is necessary to subtract the labor costs out of the repair
costs. Warner Robins' standard labor rate for FY78 was $12.517 per hour. Column 9C

entries are computed by multiplying Column 9B entries by 12.517, subtracting the product

from Column 9A entries, and dividing the remainder by 1.068 to reflect de-escalation

to FY77. Example, Electronic Control Amplifier, 1246 = [1681-(28 x 12.517)]/1.068)




The manner in which LRU material repair costs are captured in GEMM {1s

discussed later.

Column 10, Table 16

The weight of each LRU is shown in Column 10.

3.3.f.(2) Module level Data. Development of module level data to reflect pradicted i

relfability failure rates and large quantity procurement costs involves allocating
the LRU level data from Table 16 to the repairable and discard-at-failure mocules.
Therefore, in Table 17, the module level data is presented in indentures style under
each LRU. The LRU level data is restated where appropriate. The assumptions and

procedures used in developing Table 17 entries follow.

Column 3, Table 17

The entries in this column are the module unit procurement cost data from
AFLC's DO-41 (for reparable modules) and DO-62 (for discard-at-failure modules) data

systems. The total of this column for each LRU is shown in parentheses on the LRU line.

Column 4. Table 17

This column reflects the distribution of the module unit costs as
fractions of the Column 3 total. (For example, line 1.1 entry .1423 = 1575/11068.)
Exceptions occur on lines 7.13, 7.14, and 7.21 which represent identical modules

to lines 4.13, 4,11, and 4.12, respectively. For these three modules, the unit

costs computed for lines 4.13, 4.11, and 4,12 are used directly in lines 7.13,
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7.14, and 7.21. The sum of these reference unit costs is subtracted from the

total for item 7.0 (26111-2223 = 23888) and the new total is used to determine
the distribution. (For example, line 7.1 entry .1885 = 4503/23888.)

Column 5, Table 17

The entries in this column are computed by multiplying the factors in
Column 4 times the LRU level cost for the C-130/C-135 case (Column 5A), the C-141
case (Column 5B), and the combined force case (Column 5C). Exceptions occur in
LRU 7, where the costs are common between the first and last case are not included
in the C-141 case. The module costs for lines 7,13, 7.14, and 7.21 are equal to
those on lines 4.12, 4.13, and 4,11 respectively. The number in parentheses on the

LRU lines is the LRU unit cost from Table 16 of this report.
Column 6, Table 17

The entries in this column are the historical demand rates per 100 hours
for the modules as reported in the D041 system. It is assumed that the relative
distribution of these demand rates, among an LRU, is proportional to the distribution
of the predicted reliability for each module.
Column 7, Table 17

The adjusted failure rates in this column are computed by multiplying
Column 6 data by the ratio of the sum of the Column 6 data over the LRU failure
rate from Table 16. (For example, line 1.1 entry 42 = ,0078 x [288/.0533].)
Column 8, Table 17

The entries in this column are the reciprocal of the entries in Column 7.

(Note: the calculations for both Columns 7 and 8 were done in sequence using a hand

calculator. Column 7 data were rounded off for reporting purposes, thus Column 8
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data cannot be computed from the reported figures.)

Column 9, Table 17

Repairability of the modules are shown in this column using the code:

R = repalrable, DAF = discard-at-failure.

Column 10, Table 17

The repair times shown in this column were extracted from the DO-41

system,

Column 11, Table 17

The average module weight for each module was computed by subtracting

10% of the LRU weight (for a chassis) and dividing the remainder by the number
of modules in the LRU,

3.3.£.(3) Part Level Input Data. The input data for the GEMM computer program is

structured to capture depot level repair material costs at the plece-part level.
The procedure for doing this involves identifying the cost and reliability of part

classes and identifying how many units of each part class are in each SRU. If the

SRU is designated by the input as being repaired at the depot level, then parts are
consumed and accounted for in the replenishment spares category. For the APQ-122
analysis, the repairable SRU's were described as consisting of one part tc be re-
placed at depot level. For the repairable SRU's in a given LRU, the cost of each
hypothetical part was computed by dividing the average LRU material repair cost
(column 9C, Table 16) by the number of repairable SRUs. This procedure is based on
the assumption that when an LRU consisting of repairable SRUS 1s returned to depot,
it 1s full of fafled SRUs. The reliability figures were computed in an analogous
manner, The above accounting for repair material costs may be an overstatement for

the APQ-122 systems but it does capture an important segment of the support costs.

The SEMR LCC analysis reflects a high replenishment spares factor due directly to the

bé
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discard-at-failure policy for the SEMs. The capturing of the material repair costs
for the APQ-122 is important in maintaining consistency for comparability of the
analyses.
.
3.3.f.(4) Force Structure Deployment Data. Life cycle cost analyses are critically
) sensitive to the quantity and utilization of aircraft and the number of maintenance/
supply organizations. The data used for these variables in the APQ-122 analysis are :
presented in Table 18 and are identical to the values used in the SEMR LCC study.
TABLE 18. FORCE STRUCTURE DEPLOYMENT DATA
FORCE OPTIONS 4
DATA ITEM c-130/¢-135 S T COMBINED
Quantity of Aircraft 1,900 276 2,176
Annua® Flying Hours 859,272 257,112 1,116,384 |
(l"(‘l't‘l‘) 1{
|
Average Hours Per 1.81 3.90 2.07* |
Operating Day |
i (250 Operating Days |
! Per Year) i
H 1
'11 Number of Maintenance 120 9 129 j
Organizations by |
Level : !(
Organization 120 9 129 s'
|
Base 100 9 100%* |
|
Depot 1 1 1 '
. B A e e |
* Weiphted average of C-130/C-135 and C-141 rates. i
|

**  Base level number does not differ between the first and third option because both
C=130 and C-=141 forces are operated by the Military Airlift Command and the base
level shops would be shared.
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3.3.f.(5) Miscellaneous Input Data. Table 19 presents the logistics support input

data for the GEMM program which is not design~dependent. The values shown in Table
19 are the same values used in the previous SEMRLCC study. The GEMM program can
compute personnel costs on a ''shared" or '"dedicated" basis. "Shared" implies that
only the time used repairing the item will be costed while dedicated

implies that the entire salary of an integer number of personnel will be costed.
The assumption for this analysis and the SEMR analysis was that the organizational
and base shop level personnel would be shared and the depolL personnel would be

dedicated.

3.3.f.(6) GEMM Computations. The data identified in the preceding paragraphs were

assembled and input into the GEMM computer program using Battelle's CDC computer
systems. The program produced cost category subtotals for the support equipment

initial and replenishment spares, manpower, and transportation categories.

3.3.g. Results of Baseline LCC Analyses

The results of exercising the assumptions and procedures discussed in

this section and executing the GEMM program with the described data are combined in

Table 20. The figures in Table 20 represent the baseline, fifteen year LCC estimates

for SEMR-equivalent, APQ-122 systems in the three force options at nominal use rates.
The bottom row in Table 20 presents the similarly computed LCC estimate total for

the SEMR systems.
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TABLE 19. LOGISTICS SUPPORT INPUT DATA

Data Item Description Value Used
, Transportation Time
! Organizational - Base .5 hrs
Base - Depot 120 hrs
h Transportation Cost $.53/1b
Requisition Time (hrs) Parts Assemblies LRU's
Organizational 120 120 240
v Base 120 120 240
Depot 4 4 6

Wait Time for Repair

Organizational 1 hr
Base 2 hrs
} Depot 72 hrs
Productivity Factor
Depot 115
Other 2
Safety Stock
Sigma l'gg
Probability *
Reorder Period
' 9 months
! Stockage Objective Period Discards Repairables
d Base 1 month 10 days
\ Depot 3 months .5 months

Turnaround Time

Base 4 days
Depot 1.5 months

Annual Personnel Cost

Organizational $ 7043

Base Stage $10149

Depot $18000
{ 47
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TABLE 20. BASELINE LCC ESTIMATES FOR SEMR-EQUIVALENT APQ-122 SYSTEMS

(Millions of FY-77 Dollars)

FORCE OPTIONS

C-130/C-135 TC-141 " COMBINED
Variables:
Life (in years) 15 15 15
Use Rate Nominal Nominal Nominal
Cost Categories:
Research and
Development 2.624 2.624 2,624
Acquisition 75379 10.749 82.096
Retrofit 3.198 .394 3.563
Support Equipment 10.574 1.328 10.171
Initial Spares 10.671 1,181 10.813
Replenishment Spares 17.580 5557 21 . T7R
Manpower 1.184 464 1.478
i Training . 645 .165 .645
{
! Transportation .049 .009 .065
A S i
|
TOTAL: 121.904 22.471 133.229
Comparable SEMR
Total: 204.316 38.076 225.686
! 48
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3.4 Sensitivity Analysis of Baseline LCC Results

The quantitative results of any life cycle cost analysis reflects the
combination of data from many sources and the execution of numerous mathematical
computations. Multiple data sources and assumptions introduce errors which are
compounded by the mathematical computations. Therefore, conclusions should not be
based only on single value LCC estimates . LCC evaluations should also consider the
results obtained through an series of sensitivity analyses. For this study, five
sensitivity areas are important in preparing SEMR -equivalent APQ-122 LCC estimates
for comparison to the SEMR LCC estimates., These five areas are as follows:

1. The effects of ranges for the operational parameters
effecting length of service and equipment utilization rates.

2. The effects of a different maintenance policy, one which is
similar to the SEMR discard-at-failure policy

3. The effects of MIBF degradation from predicted values

4., The effects of using a more conservative progress-curve
for calculating acquisition costs

5. The effects of using a higher economic adjustment factor

The first and second areas for sensitivity analysis are basically structured in
nature in that the effects will be controlled by the structure of the LCC model
being used and the relationships between the equipments design and support policy.
The fourth and fifth areas of sensitivity analysis each consider critical assumptions
made in preparing the data for the baséline LCC estimates. The third area involves
a critical assumption and is also dependant on the structure of the LCC model to
capture the effects of the assumption. Results produced in each of the sensitivity
analysis will be presented separatelyi: the following subsection. The common

reference points for all are the three baseline LCC estimates shown in Table 20.
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3.4.a Effects of Operational Parameter Values

Two parameters important in alls LCC analyses are the service life of
the equipment and the utilization rate. Although these are related terms, there
are distinct differences in their implications. If the LCC analyses is being
Performed to compare two systems and one has a lower investment cost and the other
has a lower operating cost profile, the service life value is critical to the
determination of a cross-over point. The key effect of the utilization rate is in
the determination of spares requirements. This effect is especially important when
the computational process transforms fractional requirements into the next higher
integer number. The GEMM program used in this analysis does adjust fractional
requirements upward.

The baseline LCC estimates presented in Table 20 were computed using a
value of 15 years for projected life and a nominal utilization rate for each force
based on historical records. The sensitivity effects of these parameters were
determined by recomputing the estimates using 10 and 20 year life periods with the
nominal utilization rate and a 15 year life period with low, medium, and high
utilization rates. The low, medium and high rate values used were selected in order
to bracket the nominal values and the specific values used are shown in Table 21.
The results produced by these changes in the operational parameters are presented in
Tables 22, 23, and 24 respectively for each force option. The implications of these

results will be discussed in the comparison section.

TABLE 21. VALUES OF UTILIZATION RATES USED IN SENSITIVITY ANALYSES

= S = e

Nominal Low Medium High
Utilization Rate Value Value Value
Force Option (Hrs/Day) (Hrs/Day) (Hrs/Day) (Hrs/Day)
C-130/C-135 1.81 1 2 2
C-141 3.88 3 4 5
Combined 80 T 1 3

==
-
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3.4.b Effects of Discard Mailntenance Policy

As described previously, the maintenance policy for the APQ-122 V(5)
system 1s the standard Air Force policy (i. e. fault isolation and exchange of
an SRU at base level and SRU repair at the depot). Because the SEMP logistics
concept is based on SRU discard-at-failure, it was considered important to test
a discard policy on the SEMR-equivalent system. Two reasons for this were to
provide assurances that the GEMM program did not structurally penalize discard
concepts and to verify the assumed optimality of the SRU repair policy.

The effects of a discard policy on the SEMR-equivalent APQ-122 systems
LCC estimates were determined by changing the maintenance policy input data Irom
the GEMM program. The baseline results were computed and the operational pzrameters
were again varied. The results are presented in the same format as the previous
tables in Tables 25, 26, and 27. As can be seen by comparing Tables 22, 23, and 24
with Tables 25, 26, and 27, respectively,the discard policy reduces support eguipment
(none required at depot level), manpower (none required at depot level), anc trans-
portation (no maintenance shipments to and from depot required)*. The trade-offs
to these reductions are the increases in the initial and replenishment spares costs.

The results of the discard policy do indicate a slight cost reduction in
some cases. However, the primary result of this sensitivity test should be the
interpretation that no structural penalty is imposed on the discard policy by the

GEMM program.

3.4.c. Effects of Reliability Degradation

The SEMR -equivalent APQ-122 LCC estimates presented previously in this
report have been computed using the predicted system MTBF values. This was done to

maintain consistency with the previous SEMR LCC study. However, avionic systems have

*As noted in Appendix A, the GEMM program computes only the transportation costs
associated with maintenance. It does not capture the original distribution costs,
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historically suffered severe reliability degradation in operational use. Typically,

MIBF values of one-half to one-fifth of the predicted values are observed. There

are many reasons for this degradation (see Reference 4 ). Whatever the reason,

however, the major effect is higher support costs. The effects of reliability degradation
on the SEMR-equivalent APQ-122 LCC estimates were computed by multiplying the system,

LRU, SRU, and part level MTBF's by .5 and .2, and inputing the changed data into

the GEMM program. All other data values for the baseline analyses were held constant.

The results obtained are presented in Tables 28, 29, and 30 for each force option,
respectively. The implications of these results are discussed in the subsequent

comparison section.

3.4.d. Effects of the Progress Curve Assumption

As discussed in the formulation of SEMR-equivalent APQ-122 acquisition
cost estimates, historical APQ-122V(5) estimates were recomputed to reflect
90% progress curve. This was done to be consistent with the previous SEMR ara
The effects of the more conservative 927% progress curve can be approximated °
multiplying the subtotals of the affected cost categories times the progress curve
factor ratios as developed in Table 31. The primary categories affected include:
acquisition, retrofit, support equipment, and spares. The results of applying the

factor ratio are shown in Table 32. The labor portion of retrofit 1is insensitive

to the difference but, for simplicity, 1s not segregated in this analysis.

The implications of these results are discussed in the comparison section.

TABLE 31. PROGRESS CURVE FACTORS AT SPECIFIC QUANTITIES

Progress Curve
Values for Factor Ratio
Q £¢.92)/£¢.99)

276 1.195
1900 1. 2075
2176 1. 2859




TABLE 28. EFFECTS OF RELIABILITY DEGRADATION ON
SEMR-EQUIVALENT APQ-122 LCC ESTIMATES
FOR 1900 C-130/C-135 AIRCRAFT

(Millions of FY-77 Dollars)

Alternative Conditions

Predicted MTBF . SXxMTBF « 2XMTB~
Cost Categories:
Research and
Development 2.624 2.624 2.624
Acquisition 715.379 751379 75.379
Retrofit 3,198 3.1:98 3.198
Support Equipment 10.574 , 10.911 11.588
Initial Spares 10.671 11.499 14.858
Replenishment Spares 17.580 29.469 73.646
Manpower 1.184 2.368 5.638
Training .654 .654 . 645
Transportation .049 4 i 213
TOTAL: 121.904 136.206 187.849 :
brg it ki e 3
Comparable SEMR
Total: ggii;iﬁ
:
1
59
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TABLE 29.

EFFECTS OF RELIABTLITY DEGRADATION ON
SEMR-EQUIVALENT APQ-122 LCC ESTIMATES

FOR 276 C-141 ATIRCRAFT

(Millions of FY-77 Dollars)

Alternative Conditions

Predicted MTBF . SXMTBF 2XMTBF
Cost Categories:
Research and
Development 2.624 2.624 2.624
Acquisition 10.749 10.749 10.749
Retrofit .394 .394 « 394
Support Equipment 1.328 T 328 ¥.328
Initial Spares 1.181 1.654 3.062
Replenishment Spares S 8.704 21,738
Manpower A .659 1.238
Training .165 .165 165
Transportation .009 0z 051
TOTAL: 22.471 26.299 41.349
Comparable SEMR
Total: EQiQLQ
60




TABLE 30. EFFECTS OF RELIABILITY DEGRADATION
ON SEMR-EQUIVALENT APQ-122 LCC
ESTIMATES FOR A 2176 UNIT COMBINED
FORCE

(Millions of FY-77 Dollars)

Alternative Conditions

Predicted MTBF . SXMTBF

Cost Categories:

Research and
Development .624

Acquisition .096

Retrofit .563

Support Equipment S . 504
Initial Spares .813 .867
Replenishment Spares <114 s 2D
Manpower 478 « 955
Training .645 s 150

Transportation .065 .065

.624

.096

=563

.501

419

+292

o T !

.362

.065

TOTAL: 133.22% 150.349 218,293

Comparable SEMR
Total: 225.686
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3.4,e. Effects of the Economic Parameter

The primary data source for APQ-122V(5) costs was, as described
earlier, dated in 1971 and assumed to be stated in FY-72 base dollars. The
SEMR LCC analysis was performed using FY-77 base dollars and an economic
escalation factor of 1.428 has been used to convert the FY-72 base dollars
to FY~77 base dollars. In the previous escalation factor discussion,
rationale for a higher factor value of 1.638 was presented. The implication
of this higher value can be computed by multiplying the subtotals of the
affected cost categories by a factor of 1.147 (ratio of 1.638 to 1.428).

The affect d cost categories are all the categories except the manpower,
* training, and transportation categories. The results of using the higher
factor are presented in Table 33, The implications of these results are

discussed in the comparison discussion.
3.5 Comparison of LCC Estimates

The pupose of this section is to present a comparison of the
baseline LCC estimates for the SEMR and the SEMR-equivalent APQ-122 system
and to present and discuss the implications of the sensitivity analysis,

described previously upon the comparison.

f 3.5.a Baseline Comparison

The baseline LCC estimates from the SEMR study (Reference 1)
were restated in Tables 1, 2, and 3 of this report. The baseline LCC

estimates for the SEMR equivalent APQ-122 systems in the three force options

were presented in Table 20. Each table presenting APQ-122 LCC estimates
includes the comparable SEMR total at the bottom for immediate comparison.
Table 34 summarizes the comparison of the baseline estimated LCC totals for
the two systems. The baseline comparisons show the LCC estimates for the
SEMR-equivalent APQ-122 systems to be approximately 417 lower than the SEMR
LCC estimates. In order to visualize where the significant differences occur,

| figures 2, 3, and 4 show the comparative distribution of the LCC estimates among

eight categories in bar graph form. The category subtotals in Figures 2, 3, and 4




TABLE 34. COMPARISON OF BASELINE LCC TOTALS

(Millions of FY77 Dollars)

SEMR SEMR-Equivalent Difference Differences as
LCC Total APQ-122 LCC a Percent of
Total SEMR Total

Force Option:

C-130/C-135 204,316 121.904 82.412 40.37%

C-141 38.076 22.471 15.605 41.0%
i Combined 225.686 133,229 92.457 41.0%
A
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correspond to the detailed baseline estimates with the exception of the last
category which combines the relatively small training and transportation categories
(TRNG/TRANS.) It should be noted that the vertical scale for Figure 3, the C-141
case, is different than for Figures 2 and 4.

The most notable characteristic of Figures 2, 3, and 4, is that the
acquisition cost 1s the dominant category in each LCC estimate. In addition, the
SEMR acquisition cost estimate is the single most dominant factor in each LCC
distribution comparison. APQ-122 category subtotals exceed the respective SEMR
subcategory is some cases but these slight increases do not approach in size
the large difference in the acquisition category.

Although Figures 2, 3, and 4 present the information using the cost
categories used in the previous tables of this report, another type of cost segmen-
tation is useful in comparing the systems. After the acquisition of a system, it
is the total cost of the support that is of interest, not just the subtotals of the
various categories. A logical approach to assessing the impact of the different
design concepts upon the total support costs is, therefore, to segment the last
six categories in Figures 2, 3, and 4 into two subsets: initial logistics costs and
recurring logistics costs. To do this, three subsets of the cost categories are
defined as follows:

o Acquisition costs include the research and development

cost category and the acquisition cost category.

o Initial logistics costs are those which are incurred to

install the systems and to provide a support structure.
For purposes of this discussion, initial logistics costs
will be defined as consisting of:
1) retrofit costs
2) 1initial support equipment costs
3) initial spares costs
where the retrofit and initial spares contributions are the res-
pective subtotals already identified and the initial support

equipment costs are derived from the support equipment category.

ap




o Recurring logistics costs are those costs which are incurred t

as a result of operating and maintaining the system. For
purposes of this discussion, recurring logistics costs will be
: defined as consisting of:

1) recurring support equipment costs

2) recurring spares

3) manpower

4) training/transportation

where recurring support equipment costs are the remainder of
the support equipment costs after initial costs were sub-

tracted and the other subtotals are as already identified.

Table 35 presents the baseline LCC estimates segmented into the three
cost segments defined above. Additional observations obtained by segmenting the
costs in this manner include:

1. The SEMR results do indicate a percentage distribution

shift which reduces the percentage contribution of the

® logistics support total (initial plus recurring logistics).
This shift is one of the purported benefits of the SEMR
concept (Reference 2),.
2, The SEMR results also indicate a percentage distribution
shift between the initial and the recurring logistics
| - costs which reduces the contribution of the recurring
R logistics segment.
3. Although the above observations indicate a comparative
shifts for the current comparison analysis do not
overcome the significant acquisition cost differences.
All three categories are directly affected by the
acquisition cost estimates.
The sensitivity analyses discussed below will address, the implications of
the SEMR-equivalent APQ-122 LCC sensitivity analyses upon the above baseline

comparisons and observations.
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